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Abstract 
This study clarified factors affecting the increase in jump distance when the novice increased the number of steps in 
their approach run in the long jump, and discusses a training task designed to improve performance in the long jump. 
Twenty-eight male students who were novices in long jump and did not take part in any sport activity regularly 
participated in the study. They performed the long jump with run-ups of six and twelve strides. The take-off motions 
of the participants were captured with a high-speed digital camera (120 fps) for two-dimensional motion analysis. 
When students increased the number of steps in their approach run, the jump distance and approach velocity 
increased, horizontal deceleration during the take-off phase remained almost unchanged, and the vertical velocity at 
take-off and the contact time decreased. The change rate of the jump distance betweensix and twelve steps for the 
approach run had positive correlation with the change rates of the approach velocity and vertical velocity and 
negative correlation with the change rate of the contact time. In a previous study using athletes as participants, all 
athletes increased their jump distance as they increased the number of steps in their approach run. In the present 
study, however, many students did not increase their jump distance, and the change rate of the jump distance had a 
wide distribution. Therefore, we divided the students into groups change rate 
of the jump distance was lower or higher than the average change rate for all participants. Although both groups had 
increased horizontal velocity at touchdown for the lengthened run-up, participants in the low group did not increase 
their jump distance and their vertical velocity at take-off decreased. Additionally, in comparison with athletes, 
students had lower vertical velocity at take-off and horizontal deceleration during take-off. A novice should thus learn 
the proper technique of take-off to generate vertical velocity through horizontal deceleration. 
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1. Introduction
In the long jump, the important factors that determine jumping distance are the horizontal velocity of 
the center of gravity (CG) developed in the run-up and the vertical velocity obtained during take-off. 
Therefore, many investigations have suggested a significant relationship between run-up speed and 
jumping distance [1][2], while many have also suggested it is important not only to gain high horizontal
velocity during the approach but also to gain vertical velocity with less horizontal deceleration during the
take-off phase [1][2][3]. It is thus important to combine the run-up phase and take-off phase effectively in
the long jump.
In the run-up phase, the jumper intends to gain enough speed so that they are sprinting at the time of 
jumping, which requires a sufficient length of the run-up. However, Kinomura et al. (2012) [4] reported 
that when athletes increased the number of steps in their approach in the long jump, the change in
approach velocity did not correspond to a change in the jump distance. To increase the jump distance, it 
was necessary to shorten the contact time (i.e., the time in which the foot is in contact with the ground 
during take-off) and gain vertical velocity with less horizontal deceleration during the take-off phase.
Therefore, the technique used in the take-off phase is important in utilizing the approach speed gained in 
a long approach.
Although Kinomura et al. (2012) [4] reported many findings related to the utilization of a long 
approach distance in the long jump, their study only considered athletes as participants. In the present 
study, we used non-athlete students as participants to generalize the relationship between the run-up
distance and long jump performance. The study describes the characteristics of take-off required to
perform a longer leap when a non-athlete student increases the number of steps in the approach for the
long jump and discusses training tasks that will improve the novice performance in the long jump.
2. Method
Twenty-eight male students (means ± SD: height, 1.71 ± 0.05 m; body mass, 64.9 ± 12.4 kg; age, 
19.2 ± 0.96 years) participated in the study. All participants were novices in the long jump. The purpose
and experimental conditions of the study were explained to the students before the experiment and their 
informed consent was obtained. Approval for this study was obtained from the research ethics committee
at the University of Tsukuba.
Participants performed the long jump using a different number of steps in the approach run: six or
twelve strides. They performed each type of long jump one to three times launching from a mat switch 
(Multi jump tester, DKH Co., Japan), landing in a sand pit. The take-off motions of the participants were
videotaped with a high-speed (120 fps) digital camera (EX-FC150, Casio Co., Japan) for two-dimensional
Nomenclature
CG the center of gravity of the body
x0 the horizontal distance between the toe of the take-off leg and the CG at take-off
v0 the velocity of the CG at take-off
v the angle of v0 relative to the horizontal
g the acceleration due to gravity
y0 the vertical height of the CG at take-off
vx the horizontal velocity of the CG
vy the vertical velocity of the CG
l the length of the simplified leg
l The angle of the leg relative to horizontal, calculated in a counterclockwise fashion, with zero
degrees corresponding to the horizontal plane at the base of the leg.
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motion analysis. The camera was located 30 m from the right side of the runway. The contact time during 
the take-off phase was sampled with a mat switch having a resolution of 1/1000 s. And then, participants 
wore running shoes and performed at playground in this study. So when we intend to compare this study 
with previous one [4], the difference are included the influence of participates and equipment. 
We analyzed a jump in which the participant placed the take-off foot completely on the mat switch 
and recorded the maximum distance. Two-dimensional coordinates of 23 body landmarks of the hands, 
wrists, elbows, shoulders, toes, first metatarsal bones, heels, ankles, knees, greater trochanters, head, ears, 
and suprasternale were obtained by digitizing each video frame from 10 frames before touchdown to 10 
frames after the toe-off with a Frame-DIAS system (DKH Co., Japan). Digitized coordinates were 
converted to real coordinates using reference markers placed on both sides of the approach lane and the 
take-off area and were smoothed with a fourth-order Butterworth low-pass digital filter. The optimal cut-
off frequencies, ranging from 3.6 to 16.8 Hz, were determined employing the residual-error method 
proposed by Wells and Winter (1980) [5]. A 14-segment link model, comprising hands, forearms, upper 
arms, feet, lower legs, upper legs, head, and trunk, was used to calculate the location of the CG. The 
mass, location of the CG and the moment of inertia for body segments were estimated from the body 
segment parameters for Japanese men developed by Ae (1996) [6]. 
To discuss the relationship between the increase in the number of approach steps and the take-off 
motion, we calculated the projected distance instead of the jump distance to eliminate the influence of the 
landing technique. Additionally, it was assumed that the landing point was where the CG arrived at the 
ground. Therefore, the projected distance represented the long jump performance according to 
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In this study, the relationships between the projected distance and jump distance in the 6- and 12-stride 
attempts were significant with coefficients of determination (R2) of 68.5% (p < 0.001) and 69.2% (p < 
0.001), respectively. These values indicate that the projected distances were generally consistent with 
jump distances and it was assumed that the variation, approximately 30%, related to the landing technique. 
To evaluate the take-off motion, it was assumed that the CG during the take-off phase moves forward 
and upward from the supported point, employing the model of Jacobs and Schenau (1992) [7]. In this 
model, the jumper consists of the CG and a simplified leg, a line connecting the CG to the supported point. 
This model represents the take-off motion in terms of forward rotation and shortening lengthening 
movements, and the two types of movements provide vx and vy according to 
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Each right-hand side has the form forward rotation component  + shortening lengthening component
Note that the changes in length are not independent of rotation. In this study, we calculated the l at 
touchdown and take-off, the angular displacement of l from touchdown to take-off, the average angular 
velocity of l and the maximal extensional velocity of the leg following Kinomura et al. (2012) [4]. 
A dependent t-test was carried out with the significance level set at 5% to test the differences, and 
 product-moment correlation coefficient was used with the significance level set at 5% to test 
the relationships. 
3. Results and Discussion 
Table 1 gives the basic parameters in the long jump. The projected distance in the 12-stride attempt 
was significantly longer than that in the six-stride attempt (six strides, 4.83 ± 0.67 m; 12 strides, 5.31 ± 
0.68 m, p < 0.001). The horizontal velocity at touchdown (six strides, 6.31 ± 0.54 m/s; 12 strides, 7.28 ± 
0.59 m/s, p < 0.01) was higher, the horizontal deceleration at touchdown (six strides, 0.44 ± 0.33 m/s; 12 
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strides, 0.64 ± 0.35 m/s, n.s.) was statistically no different, and the vertical velocity at take-off (six strides,
2.27 ± 0.53 m/s; 12 strides, 2.17 ± 0.48 m/s, p < 0.01) and the contact time (six strides, 167 ± 24 ms; 12 
strides, 155 ± 19 ms, p < 0.05) were lower for the 12-step approach.
The results indicate that participants improved their performance in the long jump when they 
increased the length of their approach to at least 12 strides. This could be explained by the approach speed 
being greater for the longer approach. However, the vertical velocity at take-off was lower for 12 strides.
This indicates that the participants could not maintain their vertical velocity at take-off when the load 
applied to the take-off leg increased owing to an increase in the approach speed. Comparing the results of 
this study with those of Kinomura et al., [4], who conducted a parallel long jump experiment for athletes
(with approaches of six to 16 strides in increments of two strides), it is found that the participants in the
present study jumped a shorter distance, had a lower approach speed and vertical velocity at take-off, had 
less horizontal deceleration during take-off and had longer contact time than the athletes for the same 
number of approach steps. Hay [8] reported that there was a significant positive correlation between 
horizontal deceleration and vertical velocity. It is thus possible that the small horizontal deceleration in
the present study could relate to the low vertical velocity at take-off. To discuss the factors affecting the
change rate of the projected distance, the relationships between the change rate of the projected distance
and change rates of other parameters were examined, where the change is the difference between six-
stride and 12-stride jumps.
Figure 1 depicts the relationship between the change rate of the projected distance and the change
rates of the horizontal velocity at touchdown, vertical velocity at take-off and contact time. Here, the
horizontal deceleration during take-off was not considered because it was close to zero and thus unsuited 
to the calculation of a ratio. The change rate of the projected distance was significantly correlated with the
change rate of the horizontal velocity at touchdown (r = 0.401, p < 0.05), that of vertical velocity at take-
off (r = 0.633, p < 0.001) and that of contact time (r = 0.401, p < 0.05). These results show that it is
important to increase the approach velocity, gain vertical velocity and decrease the contact time as
90%
100%
110%
120%
130%
140%
150%
90% 110% 130% 150%
Change rate of
horizontal velocity at touchdown
y = 0.438 x + 0.598
r = 0.401
p < 0.05
n = 28
CC
hhaa
nngg
ee
rraa
ttee
ooff
pprr
oojjjj
eecc
ttii
oonn
ddii
sstt
aann
ccee
90%
100%
110%
120%
130%
140%
150%
40% 70% 100% 130% 160%
y = 0.288 x + 0.823
r = 0.633
p < 0.001
n = 28
Change rate of
vertical velocity at touchdown
CC
hhaa
nngg
ee
rraa
ttee
ooff
pprr
oojjjj
eecc
ttii
oonn
ddii
sstt
aann
ccee
90%
100%
110%
120%
130%
140%
150%
60% 90% 120% 150%
y = -0.269 x + 1.359
r = -0.401
p < 0.05
n = 28
Change rate of
contact time
CC
hhaa
nngg
ee
rraa
ttee
ooff
pprr
oojjjj
eecc
ttii
oonn
ddii
sstt
aann
ccee
Figure 1 Relationships between the change rate of projected distance and change rates of vertical velocity at touchdown and
contact time.
6 strides 12strides difference change rate of12 strides to 6 strides
average 4.83 5.31 t = -5.69, p < 0.001 110.41%
SD 0.67 0.68 12 > 6 strides 9.75%
average 6.31 7.28 t = -10.12, p < 0.01 115.74%
SD 0.54 0.59 12 > 6 strides 8.93%
average 0.44 0.64 t = -2.46, n.s. 53.85%
SD 0.33 0.35 442.59%
average 2.27 2.17 t = 1.17, p < 0.01 97.90%
SD 0.53 0.48 6 > 12 strides 21.47%
average 167 155 t = 2.51, p < 0.05 94.52%
SD 24 19 6 > 12 strides 14.52%
contact time (ms)
projection distance (m)
horizontal velocity
at touchdown (m/s)
deceleration of horizontal velocity
during take-off (m/s)
vertical velocity at take-off (m/s)
Table 1 Mean values of the projected distance, horizontal velocity at touchdown, horizontal deceleration during take-off, vertical 
velocity at take-off and contact time, and their rates of change between six-step and 12-step run-ups
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students lengthen their approach. Participants should thus accelerate sufficiently during their run-up, gain 
vertical velocity through the load-bearing take-off leg and complete take-off within a short time to propel
the CG forward when lengthening their approach. However, in this study, the range of the change ratio of 
the projected distance was wider than that in the previous study for athletes [4] (about 108% to 118%).
We thus divided participants into low and high groups; participants in the former group had change
ratios of the projected distance lower than the average for all participants and participants in the latter 
group had change ratios higher than the average. We describe the characteristics of each group in detail.
Table 2 gives basic parameters of the two groups in the long jump. Here, we intend to discuss the
relationships between the approach length and performance, and we therefore did not perform a statistical
test for the differences between groups in each attempt. When participants increased their number of 
approach steps, the horizontal velocity at touchdown increased for both groups. However, participants in
the low group did not increase their projected distance or decrease their contact time. Additionally,
participants in the low group had lower vertical velocity in the 12-stride attempt than in the six-stride
attempt, whereas the high group maintained their vertical velocity. Athletes in the previous study had 
vertical velocity at take-off of about 3.27 ± 0.30 m/s (for a short approach) to 3.32 ± 0.40 m/s (for a long
-off was about 1.13 ± 0.31 m/s (for a short 
approach) to 1.36 ± 0.15 m/s (for a long approach) [4]. Comparing the results for the two studies, it is
Figure 2 Relationships between vertical velocity at take-off and maximal extensional velocity of leg. Plots on the left are 
for six-step attempts and plots on the right are for 12-step attempts. Plots at top are for the high group and plots below are 
for the low group
Table 2 Mean values of projected distance, horizontal velocity at touchdown, horizontal deceleration during take-off,
vertical velocity at take-off and contact time for both groups
6 strides 12strides difference 6 strides 12strides difference
average 4.61 5.39 t = -11.11, p < 0.001 5.12 5.20 t = -1.00, n.s.
SD 0.46 0.53 12 > 6 strides 0.81 0.85
average 6.26 7.28 t = -7.31, p < 0.001 6.39 7.29 t = -7.10, p < 0.001
SD 0.55 0.44 12 > 6 strides 0.54 0.77 12 > 6 strides
average 0.41 0.56 t = -1.40, n.s. 0.48 0.75 t = -2.08, n.s.
SD 0.37 0.29 0.29 0.42
average 2.07 2.21 t = -1.53, n.s. 2.54 2.12 t = 4.29, p < 0.01
SD 0.35 0.35 0.61 0.63 6 > 12 strides
average 173 153 t = 4.93, p < 0.001 158 159 t = -0.09, n.s.
SD 20 16 6 > 12 strides 28 23
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seen that the novice student could not gain vertical velocity and their horizontal deceleration was too 
small. However, the vertical velocity at take-off affected the jump distance more directly than horizontal 
deceleration during take-off. Additionally, horizontal deceleration was not important in itself. Therefore, 
in the case of the take-off phase, it is important to train the novice to gain vertical velocity for any length 
of the approach run. We thus discuss what take-off motions affected the vertical velocity at take-off for 
each group. We use the behavior of the CG as a parameter representing take-off motion.  
Figure 2 presents scatterplots illustrating the relationship between v0 and the behavior of the CG. We 
evaluated the relationships between v0 and l at touchdown and take-off, the displacement of l from 
touchdown to take-off, the average angular velocity of the leg and the maximal extensional velocity of the 
leg. However, here we show only figures in the case that there was a significant relationship for some 
group or a particular number of approach steps. We found significant relationships between v0 and the 
maximal extensional velocity of the leg under all conditions. However, we did not find significant 
relationships for other parameters. The maximal extensional velocity of the leg also played an important 
role in gaining vertical velocity without horizontal deceleration in the case of the athlete [4]. Therefore, 
extension of the body in the last half of the take-off is a common key point related to good take-off for 
both the novice and expert. However, vertical velocity was also gained during the first half of take-off. 
Lees et al. [2] reported that more than 60% of v0 is generated during the first half of take-off with 
horizontal deceleration. Although there was no significant relationship between v0 and the behavior of the 
CG related to the first half of the take-off phase (e.g., the l at touchdown), it was important for the novice 
to generate vertical velocity during the first half of take-off with horizontal deceleration. In a future study, 
it will be necessary to compare take-off motions between the novice and athlete especially during the first 
half of the take-off phase to improve the novice student  take-off motion.  
4. Conclusion 
When the novice students lengthened their run-up in the long jump, the jump distance and approach 
velocity increased, the horizontal deceleration during the take-off phase was almost unchanged, and the 
vertical velocity at take-off and contact time decreased. The greater the change rate of horizontal velocity 
at touchdown, vertical velocity at take-off and contact time, the greater the change rate of the projected 
distance. However, many students did not increase their projected distance and their vertical velocity at 
take-off decreased with the longer approach. It is thus important for the novice to gain vertical velocity 
during take-off when using a longer run-up. And then, a training task should be designed for the novice 
student to gain vertical velocity with horizontal deceleration during the first half of take-off because 
deceleration of horizontal velocity during take-off is too small to gain vertical velocity in that phase. 
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